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Improvements in 



Equilibration of Poly-(l,4-PhenyIene 
Ethers)" 



We, General Electric Company, a corporation organized and existing under 
the laws of the State of New York, United States of America, of 1, River Road, 
Schenectady 12305, State of New York, United States of America, do hereby declare 
the invention, for which we pray that a patent may be granted to us, and the method 
by which it is to be performed, to be particularly described in and by the following 
statement: — 

This invention relates to the equilibriation of one or more poly-(l,4-pnenylene 
ethers) with one or more phenols in the presence of an aryloxy radical of the polymer, 
the phenol or both the polymer and phenol whereby the phenol reacts with the poly- 
(1,4-phenylene ether) producing dimers, trimers, tetramers and other low molecular 
weight oligomers of the starting poly-(l,4-phenylene ether), with the molecular weight 
of the polymer which reacts with the phenol being decreased in proportion to the degree 
of reaction with the phenol. In the reaction, the phenol is incorporated into the oligo- 
meric products as the terminal phenoxy group, or tail unit, of the molecule, with the 
balance of the molecule being one or more phenoxy units that are the repeating unit 
of the starting poly-(l,4-phenylene ether) with the terminal or head unit having a 
hydroxyl group in place of the ether oxygen of the other units. 

Polyphenylene ethers, as a class, form an interesting group of new polymers 
and are described in U.S. Patents 3,306,874 and 3,306,875 in the J. Amer. Chem. Soc. 
81, 6335 (1959) and in J. Polymer Science, 581,609 (1962). These poly-(l 3 4-phenylene 
ethers) are made by an oxidative coupling reaction of various phenols in which the 
hydrogen of the phenolic group and the hydrogen or halogen on the benzene ring are 
removed in forming the poly-(l,4-phenylene ethers). The most desirable poly-1,4- 
phenylene ethers). The most desirable poly-(l,4-phenylene ethers) are made from 2,6- 
di-substituted phenols. They are linear polymers joined through the 1 and 4 position, 
with each unit of the polymer molecule being joined to the adjacent unit through 
the oxygen of the phenolic hydroxyl group. The oxidative coupling reaction is so 
extremely fast that in order to produce the low molecular weight oligomers having 
less than 10 repeating units in the polymer molecule, the reaction must be stopped at 
such an early stage that only a small percentage of the starting phenol is converted 
to polymer, whereas the reaction is capable of converting essentially all of the starting 
phenol to high molecular weight polymer. 

Previous to the discovery of this oxidative coupling reaction, low molecular weight 
poly-(l,4-phenylene ethers) having from 2 to 8 repeating units in the polymer molecule, 
had been prepared by an Ullrnann reaction which involves first converting the phenol 
to an ether such as the methyl ether, followed by halogenation of the ^-position and 
thereafter, reacting the ^-halophenyl methyl ether with an alkali metal salt of the 
phenol in the presence of copper metal as a catalyst. This would lead to p-phenoxy- 
phenyl methyl ether. For each additional unit added in the polymer chain, it is neces- 
sary to demethylate the ether to form the free phenol, and then convert it to an alkali 
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metal salt, followed by reaction with an additional amount of the p-halophenyl *nethyl 
ether. However, after about eight units are so connected in the polymer chain, further 
reaction to higher molecular weight materials is extremely difficult if not impossible. 

The low molecular weight or oligomeric phenylene ethers are of interest as starting 
5 chemical for the making of a wide host of products. These oligomers also can be con- 

verted to esters. The oligomers or their esters can be used as plasticizers for the 
higher molecular weight polyphenylene ethers to increase then- flexibility and flow 
properties. „ , . , 

As explained above, these materials have been capable of bemg prepared up to 
10 now only by the Ullmann reaction. However, this reaction is a step-wise and there- 

fore, time-consuming as well as expensive reaction to carry out either in the laboratory 
or commercially. .... 

Furthermore, because of the nature of the reaction, it is impossible to -prepare 
even the dingers having certain substituents, for example, halogen in the ^-position 
15 of the terminal phenoxy group. Such a compound would require the use of the alkali -U> 

metal salt of a p-halophenol which is capable of undergoing self-condensation during 
the Ullmann reaction so that a host of products are obtained. Halogenation of the 
dimer, even when the two positions, ortho to the phenolic ether are substituted^ for 
example, with an alkyl group does not lead to halogenation of the para-position of the 
20 benzene ring of the phenoxy group in the para-position of the phenol nucleus, but 

instead enters into the meta-position of the benzene ring, bearing the phenolic group. 

We have now found when a poly-(l,4-phenylene ether) and a phenol are mixed 
together, that a reaction may be initiated by a free phenoxy radical derived from 
the phenol or form the polymer, or by free phenoxy radicals derived- from both the 
25 phenol and the polymer, whereby the poly-(l,4-phenylene ether) is decreased in mole- .25 
cusiar weight in proportion to the degree of reaction with the phenol. It appears that 
the phenol reacts with the polymer molecule at the position on the benzene ring of 
the head unit para to the hydroxyl group in a free radical-type reaction initiated by 
the phenoxy radical. 

30 During the equilibration reaction which is carried out at a temperature in -the 

range from room temperature up to the reflux temperature of the reaction mixture, 
both the aryloxy radical of the phenol and the polyphenylene ether are formed as 
transient intermediates in the free radical reaction which occurs. Therefore, it does not 
matter whether the phenoxy radical of the phenol, the polymer or both are first 

35 formed When a stable free radical, for example. 2,4,6-tri-^butylphenoxy is added to 35 
the solution of the phenol and polyphenylene ether, the intense blue color of the 
2,4,6-tri^-butylphenoxy radical is immediately discharged showing that this radical 
has generated the aryloxy radical of one or both of the reactants. Once the equihhrrum 
reaction is initiated, it proceeds until an equilibrium concentration of the various 

40 oligomers is attained, provided that the free radical reaction is not terminated before 40 
equilibrium is attained. 

This reaction probably forms a quinol ether which decomposes to form a polymer 
molecule one repeating unit shorter than the starting polymer molecule, and a dimer 
in which the "head" unit, i.e., the phenylene unit containing the hydroxyl group 

45 is that of the polyphenylene ether and the phenoxy group or ** tail " unit of the dimer 45 
is that of the phenol. . 

This dimer, so produced, can likewise react with the polyphenylene ether in the 
same fashion as the initial phenol to produce a trimer, which in turn can react with 
the polyphenylene ether to form a tetramer, etc. Each reaction whh the polymer 

50 shortens its chain length by one repeating unit. Once formed, the dimer, tamer, 

tetramer, etc, oligomers can react in dimer with dimer, dimer with trimer, dimer 
with tetramer, phenol with trimer, trimer with trimer, trimer with tetramer , etc., 
reactions. When the reaction mixture has come to equiffimum, the dimer usually is 
the dominant oligomeric product on a weight basis. Generally, the dimer will be 

55 formed in an amount of abiut 1£ to 2 times the weight of trimer and about 2 to 6 

timpg the weight of tetramer. However, these ratios will depend upon the proportion 
of the amount of phenol to the amount of polyphenylene ether, the particular Fje* 0 * 
used and also, on the molecular weight of the polyphenylene ether. Some higher 
molecular weight polyphenylene ether may also be present in the reaction mixture. 

60 The remaining polymer can be precipitated to separate it from the okgomers. The 

oligomers can be separated as individual components as win be explained later. By 
the term " oligomer " is meant a polymer molecule having only a few monomer units, 
for example, 2, 3, 4, etc. which are generally referred to as dimers, trimers, tetramers, 
etc These oligomers have molecular weights generally no greater than 1500, but as 
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is self-evident, this is dependent upon the molecular weight of the repeating polymer 
unit. Henceforth, the term " oligomer " will be used to designate these law molecular 
weight polymers which are products of the equilibration reaction and the term 
" polymer " will be used to designate the poly-(l,4-phenylene ethers) used as starting 
material and any residual high molecular weight poly-^l^-phenylene ethers) remaining 
in the reaction mixture after die equilibration. 

This equilibration reaction is apparently limited to polyphenylene ethers which 
are poly-(l,4-phenylene ethers), i.e., they are essentially linear in nature and have a 
hydroxyl group in the head unit. These polyphenylene ethers have the formula: 

R 

°-M 

From a practical point of view, n is at least 10 since this represents the polyphenylene 
others which are obtained when a high yield of polymer, based on the amount of 
phenol starting material, is obtained in the oxidative coupling reaction. In the 
formula, R is Cm alkyl free of an aliphatic tertiary cc-carbon atom or phenyl, R 1 
is the same as R and in addition, biphenyl, terphenylyl and naphthyl. If desired, poly- 
phenylene ethers, where R and R' represents alkyl groups greater than eight carbon 
atoms, can also be equilibrated 3 but from a practical standpoint, the polyphenylene 
ethers represented by the above formula are those most readily available. Not all 
phenols can be equilibrated with the above polyphenylene ethers. The phenols which 
can be used are those phenols having one of the following three formulae: 
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where m is 0 or 1, each R 2 is independendy hydrogen, Ci_ 8 alkyl free of an aliphatic 
25 tertiary .a-carbon altom, phenyl or halogen, R 3 is the same as R 2 and in addition 25 

hydroxyl, R* is hydrogen, alkyl, Q- 8 alkoxy, Q_« acyl, or phenyl, and in addi- 
tion, halogen when each R 2 on the same benzene ring as R 4 , is hydrogen or halogen, 
and R 5 is hydrogen, methyl, ethyl or phenyl. 

Typical examples of d_, alkyl groups free of an aliphatic tertiary ia-carbon 
30 atom which R and R 1 and R 2 , may be are methyl, ethyl, n-propyl, isopropyl, n-butyl, 30 
secondary butyl (1-methylpropyl), isobutyl (2-methylpropyl) 3 cyclobutyl, the various 
amyl isomers free of an aliphatic, tertiary a-carbon atom, cyciopentyl, the various 
hexyl isomers free of an aliphatic tertiary a-carbon atom, cyclohexyl, methylcyclo- 
hexyl, dimethykyclohexyl, ethylcyclohexyl, the various heptyl isomers free of an 
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aliphatic tertiary a-carbon atom, the various octyl isomers free of an aliphatic, 
tertiary or-carbon atom, etc. , 
The term " free of an aliphatic tertiary c-carbon atom means that the terminal 
carbon atom of the alkyl substituent which is attached to the phenyl nucleus has at 
least 1 hydrogen atom attached to it. 3 

The biphenyl represented by R 1 may be ortho, meta, or para-biphenylyl and the 
terphenylyl may be any of the isomeric terphenylyls, for example, ^terphenylyl, 
m-terphenylyi, and /,-terphenylyl, which alternatively may be named as diphenyl, 
subsumed phenyls, for example, 2,3 diphenylphenyl, 2,4-diphenylphenyl, 2,5-dl- 
phenylphenyt 2,6-aiphenylphenyl, 3,4-diphenylphenyl, 3,5-diphenylphenyl, 2( 0 -bi- 10 
phenyl) phenyl, 2-(»»-biphenyl)phenyl, 2-{p-biphenyl)phenyl and 3-(o-biphenyl- 
phenyl. The naphthyl may be either or- or .0-naphthyl. . . •„ 

The halogen which R 2 , R' and R* represent, may be fluorine, chlorine, bromine 
or iodine, preferably chlorine or bromine since they are the least expensive and most 
readily ava^ble. ^ ^ r4 ^ ^ ^ ^ ^ having an 

aliphatic, tertiary «-carbon atom. In addition to the Q , alkyl given above, R in 
addition, may for example be r-butyl, 2-methyl-2-butyl-(l J l-dm 1 ^yl^ropyl), 
2-methyi-2-butyl, 2-ethyl-2-butyl, 2-methyl-2-pentyl and 3-methyl-3-heptyl. The <-i_s 
alkoxy may be the same as the alkyl group except that they are joined to the phenyl 20 
nucleus through an oxygen group, for example, methoxy, ethoxy, «-propoxy, isopropoxy, 
r-butoxy, the various isomeric pentoxy groups, various isomeric hexoxy group, lnclud- 
ing cyclohexony, the various isomeric heptoxy groups and the various isomeric octoxy 

25 gn>U Typical examples of the acyloxy groups which R* may be are acetoxy, propionyl- 25 
oxy, the various isomeric butanoyloxy group, the various isomeric pentanolyloxy 
groups, the various hexanoyloxy groups, including cyclohexanoyloxy, ~ 
fsomeric heptanoyloxy groups, and various isomeric octanoyloxy groups, benzoyloxy, 
Xy"oxy and phenykcetoxy. The various acyl groups may be subsamted ^d^ired 
with a halogen atom, e.g., chloroacetoxy, bromoacetoxy, lodoacetoxy, fluoroacetoxy and 30 
cMoro^oyloxy^ ^ phenol ^ poIyphenylene ether is initiated by an aryloxy 

radical, Le., a free radical. This aryloxy radical may be either the phenoxy rajcal off 
the phenol, the phenoxy radical of the poIyphenylene ether or a nuxwre of both, 
wherein the hydrogen is removed from the phenolic hydroxyl group. These phenoxy 
radicals are reacted in various ways. They may be generated by addmg a stablefree 
radical to the solution which reacts with the phenol or poIyphenylene edier to create 
a phenoxy radical or the phenoxy radical may be generated in situ by use of an oximzing 
agent capable of creating the phenoxy radical or the phenoxy radical may be created 
bf exposure of the reaction mixture to actinic radiation m the presence of oxygen. 40 
The reaction is carried out in a solvent in which both the phenol and poly-(l,4- 
phenylene ether) are soluble and which will be inert under the reaction conditions 
Liquid aromatic hydrocarbons are ideally suited as solvents for the reaction, for 
example, benzene, toluene and xylene. . . c 

The reaction proceeds at ambient room temperature conditions, but is hastened 45 
by heating so that temperature up to the reflux temperature of the reaction mixture 
may be used. Generally, no advantage is gained by use of subatmospheric or super- 
atmospheric pressure, but may be used if desired. As will be demonstrated m the 
specific examples, the a<rivity of the various phenols in the equdforatem reaction 
50 varies among phenols. Therefore, longer times of reaction or higher temperature 50 
are required fo? those phenols with lower activity to obtain die equiKbrated mixture 
However, the progress of the reaction is easily ascertained by withdrawing a small 
sample, precipitating any polymer present by pouring into 

sflylating the filtrate and detetixiining its vapor-phase chromatography When two con- 
55 s7cutive g chromatographs are the same, then the maximum amount o ^thonaUcm 55 
has been obtained. In some cases, addition of more initiator for the aryloxy radical 
may cause further equilibration of the reaction mixture, espeaaHy if some impurity 
was present which mcy have stopped the equilibration reaction before true equilibrium 

60 ^ T^icallxamples of free radicals which may be used to initiate the equiUbration 60 
reaction between me phenol and poIyphenylene are : m-/-butylphenoxy, diphenylpicry - 
hydrazyl, the free radical known as galvanoxyl, which is 2,6-di^-butyl-ia-(3,5-di-i- 
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butyi-4-oxo-2 3 5^cydohexadien-l-ylidene)-tolyloxy, triphenylimidazyl, tetraphenylpyrryl, 
etc. These free radicals are highly colored^ but when they are added to the reaction 
mixture of the phenol and polyphenylene ether, the color is immediately discharged due 
to the formation of the desired phenoxy radical. The above free radicals are extremely 
easy to prepare and therefore, readily available. For example, the stable 2,4,6-tri-r- 
butylphenoxy free radical is readily prepared by treating a solution of 2,4,4-tri-r- 
butylphenol in an inert hydrocarbon solvent with an oxidizing agent such as peroxide, 
potassium ferricyanide, etc. This radical is extremely stable and can be kept for long 
■periods of time in solution or can actually be isolated as a solid. However, it should 
be kept out of contact with oxygen. One means of stabilizing solutions of this free 
radical is to add a phenol such as 4-f-butylphenol which Teacts with the free radical 
to produce 4 - (4 - t - butylphenoxy) - 2y4,6 - tri - t - butyl - 2,5 - cyclohexadione. 
When gently heated the 2,4,6-to-^butylphenoxy radical is regenerated from this 
compound. Other free radicals that we may use may be any of the known free radicals 
which are capable of generating the aryloxy radical, as evidenced by discharge of their 
color when added to the reaction mixture. 

The aryloxy radicals may likewise be generated in situ by use of peroxides. 
The particular peroxides chosen should be one which will decompose at the particular 
temperature that is to be used in carrying out the equilibration reaction. Because it is 
readily available and satisfactory for our process, we generally use benzoyl peroxide, 
£-butyl perbenzoate, etc., If the aryloxy radical is to be generated with a peroxide. 
However, other peroxides having suitable decomposition temperatures can be used if 
desired. . . , . 

Likewise, the aryloxv radicals may be generated by irradiating the reaction 
mixture in the presence of oxygen with actinic light. The effectiveness of the actinic 
light is dependent upon its being absorbed by the phenol. Generally, phenols absorb 
most strongly in the ultraviolet region. However, due to the low quantum yield, the 
irradiation must be continued during the entire equilibration reaction, whereas initia- 
tion by the use of other materials capable of generating aryloxy radicals need only to be 
done at the start of the equilibration reaction. For these reasons, we prefer to use means 
ether than the irradiation with actinic irradiation, as a means for generating the aryloxy 
radicals. However, it can be used if desired. 

Aryloxy radicals may also be generated by use of diphenoquinones which are 
Teadily prepared by the oxidative coupling of the corresponding phenol, for example, 
as disclosed in U.S. Patent 3,210,384. The particular diphenoquinones that are 
especially useful in generating aryloxy radicals are those S^^S^'-tetrasubstituted 
diphenoquinones wherein the substituents are either alkyl groups free of an aliphatic 
tertiary ^-carbon atom or aryl. When the alkyl groups contain an aliphatic, tertiary 
«-carbon atom, the substituents are so large and bulky that they greatly inhibit, if 
not prevent, the quinone group from generating the aryloxy radical. Other materials 
which we have found useful to generate the aryloxy radical are the dipyridyi complex 
of cupric salts preferably used in the presence of excess pyridine, the compound known 
as " methanol green " having the empirical formula (C 5 H 5 N— CuQOCH 3 )x and the 
dipyridyi complex of cupric trichlorophenate. The latter two compounds and method 
of making are described in J. Polymer Science, 58> 469 — 490 (1962). 

When the tetra-substituted diphenoquinones are used for generating the aryloxy 
radicals, a secondary beneficial effect is obtained by their use which is not noticed when 
the other methods discussed above are used for generating the aryloxy initiator. This 
effect is noticed when polyphenylene ethers are used in the equlibration reaction; which 
have intrinisic viscosities greater than about 0.4 and especially those having intrinsic 
viscosities greater than 0.6 measured in chloroform at 25°C. 

During the initial polymerization reaction for making of the polyphenylene ethers, 
the reaction appears to be a straightforward formation of a linear polymer with an 
OH terminal group on one end of the polymer molecule, as would be expected. 
During the latter stage of the oxidative coupling polymerization reaction, apparently 
some of the polymer molecules, but not all, lose this terminal hydroxy group in some, 
as yet unknown, termination reaction. Those polymer molecules which are terminated 
with a hydroxyl group readily enter into equilibration with the phenols in the presence 
of the phenoxy radical. initiator, whereas the other polymeric molecules, which are not . 
so terminated, apparently do not. Since the presence of an OH group would be 
necessary to form the phenoxy radical of the polymers, this indicates that such forma- 
tion is part of the overall equilibration reaction. 

The diphenoquinones have the ability to react with such polymer molecules in some 
fashion to convert at least part of the molecule to a form which also readily equilibrates 
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with the phenol. We have determined that the diphenoquinones in the absence of any 
of the phenol reactants, decrease the molecular weight of the polymer as shown by a 
decrease in intrinsic viscosity of the polymer. Therefore, by using diphenoquinones to 
produce the phenoxy radical, a higher yield of oligomers! and a lower yield of residual 
polymer wili be obtained when the higher molecular weight poiyphenylene ethers are 5 
used as the starting material in the equilibration reaction. 

As a corollary to this, when a complete conversion of the poiyphenylene ether to 
the oligomers is desired, we prefer to use as a starting poiyphenylene ether, for the 
equilibration reaction, those poiyphenylene ethers which have intrinsic viscosities in 
the range of 0.05 to 0.3, and preferably, in the range of 0.1 to 0.2. By using such 10 
poiyphenylene ethers, a complete conversion of the polymer to oligomers can be 
obtained during the equilibrarion reaction regardless of what initiator is used to 
produce the aryloxy radicals. 

In producing aryloxy radical by whatever means, i.e., the use of peroxides, use of 
diphenoquinones, or use of stable free radicals, the degree of equilibration which will 15 
be obtained generally is dependent upon the amount and type of initiator used to 
produce the aryloxy radicals. To obtain a high yield of oligomers, the amount of 
aryloxy radical should be generally in the range of 1 to 10 mole percent of the amount 
of phenol used. No benefit is obtained by use of a larger quantity, whereas the 
use of a lower amount has the effect of increasing the time needed to produce a 20 
given amount of equilibration between the phenol and the poiyphenylene ethers. 
However, lower or higher amounts may be used if desired. 

Likewise, the amount of the equilibration that is obtained will be dependent 
upon the ratio of the moles of phenol used per mole of polymer units in the poiy- 
phenylene ether, i.e., if the phenol used is 2,6-dimethylphenol and the poiyphenylene 25 
ether is poly - (2,6 - dimethyl - 1,4 - phenylene ether), then regardless of the mole- 
cular weight of the poiyphenylene ether, an equal weight of the phenol and an equal 
weight of the poiyphenylene ether will give a ratio of 1 mole of tie phenol to 1 mole 
of the poiyphenylene repeating units in the poiyphenylene ether. If the repeating poly- 
meric unit has a larger unit molecular weight than the phenol used, an equal molar 30 
mixture would be obtained by using weights of these two materials in direction portion 
to the molecular weight of the phenol and the unit molecular weight of the repeating 
unit of the polymer, i.e., the sum of the atomic weights of the atoms in the repeating 
unit. By way of example, a poly-(2,€-dimethyl-l,4-phenylene ether) having a theo- 
retical molecular weight of 12,002, has 100 repeating 2,6^ddmethyl-l,4-phenoxy units 35 
having a unit molecular weight of 120 with a hydrogen on the terminal oxygen form- 
ing a hydroxyl group. One mole of polymer unit would, therefore, be 120 grams of the 
polymer and this would be independent of the molecular weight of the polymer 
molecule. 

If the objective in carrying out the equilibration reaction is to produce a large 40 
yield of the oligomers, the ratio of the phenol to the poiyphenylene ether should be at 
least 1 mole of phenol per mole of polymer unit in the polymer molecule and preferably, 
greater than 1 mole. On the other hand; if the objective of the equilibration reaction 
is to decrease the intrinsic viscosity of a polymer, i.e., to decrease its molecular 
weight, then one would want to obtain a high yield of polymer. In this case, the 45 
ratio of phenol to poiyphenylene ether should be less than one mole of phenol per mole 
of polymer umt with the ratio being dependent upon the desired degree of equilibration. 
The lower the ratio of moles of phenol to moles of poiyphenylene ether units of a 
polymer which can be completely converted to oligomers, i.e., the polymer molecules 
are all poly-(l,4-phenylene ether) molecules having OH on the head unit, the nearer 50 
the mtrinsic viscosity poiyphenylene ether product obtained from the equilibration 
reaction will approach that of the starting poiyphenylene ether. 

After the desired degree of equilibration has been attained; isolation of the 
oligomers is facilitated by extracting as much phenol as possible, if the oligomers 
are not soluble, by extracting the reaction mixture with aqueous alkali, e.g., sodium 55 
or potassium hydroxide, followed by an acid wash and a water wash. This is not 
necessary, but it does reduce the amount of silylating or acylating agent required 
to stabilize the reaction mixture for isolating the individual oligomers. If the reaction; 
mixture contains polymer, as determined by a previous run or by test on a sample, 
the reaction mixture is mixed with a liquid which is non-solvent for the polymer but 60 
is a solvent for the oligomers. The lower alkyl alcohols, e.g., methyl, ethyl, propyl, 
butyl, hexyl and octyl alcohols, are ideal precipitating liquids with methyl and ethyl 
alcohol being preferred because of their low cost and availability and excellent pre- 
cipitating properties. 
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Enough of the precipitating liquid is added to overcome the ability of the solvent 
in the reaction mixture to retain any high molecular weight polymer in solution. The 
precipitating liquid can be added to the reaction mixture or vice versa. Generally 
a volume of precipitating liquid which is two to three times the volume of the reaction 
mixture is sufficient. To reduce the amount of preripitating liquid required, the volume 
of the reaction mixture can be reduced by evaporation of some of the solvent either 
by distillation at the end of the equilibration reaction, especially if carried out at the 
reflux temperature, or under reduced pressure sufficient to cause the solvent to distill, 
if a lower distillation temperature is desired. 

If the concentration step follows the alkali extraction step, it is preferable that the 
concentration step be performed at or below ambient temperature, if it is desired, to 
suppress further equilibration in the reaction mixture. Further equilibration will produce 
some of the startin g phenol due to interaction of the dimer molecules producing 
monomer and trimer, which further upsets the previously established equilibrium 
due to the change in dimer concentration. 

To suppress this shifting of the equilibrium during isolation of the oligomers, 
the oligomers may be converted either to silyl ethers or to esters which prevents 
further change in the make-up of the equdbrium mixture. The solution of the ethers 
or esters so produced can be distilled to isolate the individual components. Since 
the silyl ethers are readily hydroiyzed at room temperature with water containing 
a trace of mineral acid, to regenerate the oligomer, they are a convenient mtermediate 
to form when the individual oligomers are the desired product The esters may be 
isolated either as the individual esters or as a mixture and used as such as plasticizers 
for polymers, especially polyphenylene ethers. 

The silylating agent is preferably monofunctional, i.e., the silyl group has only 
one group which is replaced during the silylating reaction. Typical examples are the 
trial^rlsilyl halides, triarylsilyl halides dialkyl arylsilylhalides, alkyl diarylsilyl 
halides,, and compounds having the formula : 

O 

R' — N — C — R" 
Si(R'">3 

where R\ R" and R'" are monovalent hydrocarbon radicals R' is in addition hydrogen 

Z 

and the — Si(R"')3 radical and R" in addition is hydrogen and the — N— Z radical, 
where each Z is hydrogen, a monovalent hydrocarbon radical, or the aforesaid — Si(R'")3 
group, with R'" having the meaning above, and thereafter obtaining a compound whose 
acidic proton (hydrogen) is substituted with a — Si(R'")3 group. 

Among the monovalent hydrocarbon radicals which R', R", R'" and Z in formula 
I may be are, for instance, alkyl radicals (e.g., methyl, ethyl, propyl, isopropyl, pentyl, 
cctyl and dodecyl radicals); alkenyl radicals (e.g., vinyl, allyl and crotyl radicals); 
aryl radicals (e.g., phenyl, naphthyl and biphenyl radicals); aralkyl radicals (e.g., 
benzyl and phenylethyl radicals); alkaryl radicals (e.g., xylyl, todyl, ethylphenyl and 
methylnaphthyl radicals); cycloaliphatic (including unsaturated) radicals (e.g. cyclo- 
pentyl, cyclohexyl, cyclopentenyi and cyclohexenyl radicals). 

The preparation and use of these compounds as silylating agents are disclosed 
in French Patent 1,442,585. 

Bifunctional silylating agents can be used but would produce compounds having 
higher boiling points which would increase the temperature required for distillation. 
Since the silyl ethers are so easily hydroiyzed, the only object in preparing them 
would be to permit isolation of the individual oligomers. Therefore, we prefer to use 
the monofunctional silylating agents. Furthermore, because the aryl and higher alkyl 
silylating agents would also have higher boiling points than the trimethylsilyl ether, 
we prefer to use a monofunctional silylating agent in which the silyl group is the 
trimethylsrlyl group, e.g., trimethylsilyl halides, Le., the chlorides, bromides and 
iodides, and compounds wherein R"' in the above formula is methyl, e.g., N,N-bis- 
(trimethylsilyl)acetamide, N-trimethylsilylacetamide, N-^trimethylsilylformamide and 
N,N-bis(liimethylsilyl)formamide. 

In the same way, in making the esters, an anhydride or halide of a Q-s alkyl 
or phenyl monobasic acid is generally used to facilitate distillation: to separate the indi- 
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mtTL nZL l oli S on ? ers - After isolation, however, higher alkyl or aryl esters 
TL « T by - a eSte J mterchan §e reactioa On the other hand/if Se 
° *"*3 35 « fixture for example, as plasticizers, then no distillation^ S 
5 Ei^ST? and aD 7 anI, ydride or halide if a monobasic acid- mav be Jed TmS 

e^AnhvSL°^ d ,5 y CV rr °°, 0f ^ S<dVent ' but dfcSEtaS Se" 

S^^S^OSS^^ may be « d * place of 

: r s J amn S P heno1 ««* in The equilibration reaction is a dihydric phenol 

10 ^esSic ohSera S™,,* 6 ° lig0meK ° btained ^sete dmyTric! 
„ Jr! e Jf^yofc oligomers, individually or as mixtures, may be reacted with anhvdrW^ 

e ( ,°^ ybaS u C , a J nd eS P edaD y ^e acids > i> phosgene,SdiaH?(^5S 
i i y i ndeSi hahde f diisocyanates, to procm^ ustfd I pdymeS £ IT. 
esters^ polycarbonates, copolyester-polycarbona^es and polymetfemes ' ^ P 7 

15 d™£ * re , *? ttet - < ? r equilibration reaction is a very useful tool for either 
15 decreasing the molecular weight of the polymer to obtain a S 
lower molecular weight as evidenced by a decrease in intrinsic also to^re 

ch^^? .^ch would be very difficult to obtain by omlSy 
reLTS fn^" 65 ' "W. out taction it is not neces^m Tet the r «S 
20 Sort equrUbrmm eventration before isolating the products of the e^SJ 

frtl , 1° ° rder 11131 ?fcfUed in the art may understand our invention better the 

following examples are given which are illustrative of the oractice of «nr 

and are not intended for purposes of limitation. In Ihfe^g J™M 
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45 



Example 1. 



This example illustrates the equilibration " of doJv^ fi^Wthxri i 4 ni,. i 
ether) with 2,6-dirnethylphenol using I diphen^^ 

30 SS 014°^V2 S= * 

viscosity u i4, 100 g. of 2,6-dimethylphenoI and 3.0 g. of 33' 5J'-tetramerW-4 d' 

diphenoquinone m 2 L of benzene was heated with stirring at reflux for2houS"Tni s " 

SSSTlffi'SSS ft™, M ^ tem P^e und^Tac?um 2 onTro^ S 
i . , concentrated solution was extracted with an excess of aqueous 10V 
sodium hydroxide to remove as much unreacted 2,6-dimethvh*rLl 
=e myl-4,4'-biphenol, the reduction proff of *Z^SC£££ 

wiS ^OvefT 3 0 a ^ u T ^/j* f % a r 0US MrocM^ 2f titS 
cZTLmI 30-mmute period, 2 1. of methanol was added gradually to the 

Sri JoWr^^ 3ny P ° lymer ^ solution - ^er filterkg™L p«! 
equated polymer, the nitrate was concentrated to a viscous oil weiffhiL SO * ™l 
ori was dissolved in 500 ml. of benzene and 100 g of 90V nuZ ^nJ^L^ 
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Boiling Point 
Fraction °C/mm. Hg. Wt. g. 



Table I 



Formula of Product 



142 o /0.8 25 



H- 



-<> 

CH 3 



0 Si(CHj) 3 



B 



190 o /0.6 21 




3 J3 



-5/^Hj) 3 



C 220 o /0.005 13 



CH» 



The trimethylsrlyl group was removed from the above materials to convert them 
to the corresponding phenols by dissolving 10 g. of each of the trimethylsilyl ethers 
in 200 ml. of methanol at room temperature and adding 1 drop of hydrochloric acid 

5 and sufficient water (ca. 100 ml.) to reach the cloud point. Upon cooling to 0° C, the 

free phenolic compound crystallized out of solution^ except for Fraction C, which 
would not crystalize and was removed by filtration. The precipitate was washed with 
cold aqueous methanol and dried at room temperature under reduced pressure. A 
second batch of crystals was obtained by the addition of more water to the filtrate. The 

10 yield of the free phenolic compound from Fraction A, was 20.2 g. and the yield of the 
free phenolic compound from Fraction B, was 13.8 g. The free phenolic product 
from Faction Q was an amorphous solid, indicating that this oligomer is of high 
enough molecular weight that it retains the amorphous structure of the polymer. The 
identity of the products of this reaction were confirmed by gas chromatography of the 

15 silyl esters and their infrared spectra compared to the same compounds prepared 

by the Ullman reaction. 

Example 2. 

This example illustrates the isolation of the oligomers as their esters rather than 
as the ethers as in Example 1. A solution of 1000 g. of poly(2,6Kiimethyl-l,4- 

20 phenylene ether), intrinsic viscosity of 0.2, 1000 g. of 2,6-dimethylphenol, and 30 

g. of 3 5 3^5,5 , -tOTa-me^yl^,4 / ^iphenoquinone in 5 L of benzene was heated with 
stirring at refiux for 4 hours. To this solution, 712 g. of pyridine was added followed 
by the addition of 919 g. of acetic anhydride over a period of 15 minutes. The 
solution was thereafter heated at reflux for 2 hours, after which the benzene, pyridine 

25 and acetic anhydride were removed at reduced pressure on a rotary evaporator. This 

solution was first rapidly distilled at 0.1 mm. to produce 2 rough fractions of 899 
g., boiling at 50 to 190° C and 295 g. boiling at 190 to 230° C The first fraction 
was fractionally distilled through a spinning band column at 0.05 mm. When the residue 
in the still pot contained approximately 100 g. of material, the second fraction was 

30 added and distillation continued. After collecting the fraction of 547 g. of the acetate 
of 2,6-dimethylphenol, three fractions were collected as shown in Table II. 



10 



15 



20 



25 



30 
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Table II 



Boiling Point M.P., °C. 
°C at 0.5 mm. Recrystal- 
Fraction Hg. lized Wt. g. 



Formula of Prod. 



130° 



123—124° 293 



CH 3 



O 
0 

— C-CH 3 



B 



190 c 



121—122° 220 



CH 5 J 3 



0 

0 

•C-CH 3 



220° 



165—167° 35 



H- 



CH 3 
CH 3 



O 
I! 



These compounds were identified as in Example 1. In addition to the above com- 
pounds, a fraction weighing 22 g., identified as the diacetate of 3,3^5,5'-tetramethyl- 
biphenol (from the diphenoquinone), -was collected between Fractions A and B, and 
10 g. of a fraction, identified as the diacetate of 2,6Hlimemyl^[^6~dmetliyl-4-(3 3 5- 5 
dimethyl-4-hydroxyphenyl)phenoxy] phenol was collected between fractions B and C. 
In addition, about 3 g. of the acetate of the pentamer and 1 g. of the acetate of the 
hexamer were identified in the residue by gas chromatography. 

Example 3. 

This example illustrates the equilibration of a poly~(2 5 6Hlimethyl-l,4-phenylene 10 
ether) with a phenol which is different from the phenol unit (2,6-dimethylphenoxy) of 
the polymer to produce oligomers in which the tail unit, i.e., the phenoxy end of the 
oligomer, corresponds to the phenol used in the reaction. A solution of 100 g. of 
phenol (C 6 H 6 OH), 45 g. of poly-<2 a 6-dimethyl-l,4-phenyiene ether), intrinsic viscosity 

0. 62, and 4.5 g. of 3^5 3 5'-tetrametbyldiphenoquinone in 500 mL of benzene was 15 
heated at reflux for 15 minutes. The solution was concentrated at atomospheric 
pressure to 250 ml. over a 20-minute period. The residual polymer remaining in the 
reaction mixture was precipitated by adding 1.5 1. of hexane. The amount of polymer 
recovered was 10 g. The filtrate was concentrated and trimethylsilylated as in Example 

1, and fractionally distilled to give the three fractions shown in Table III. 2Q 
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Fraction 



Boiling Point 
°C./mm. Hg. 



Table III 

Formula of Product 



11270.05 i 




B 185 



VO.02 <[~)-c 




■Si(CH 3 )5- 



CH3 



21570.02 



0"5i(cH 3 ) 3 



After hydrolysis, as described in Example 1 5 the yields of the free phenolic 
oligomers corresponding to the above trimethylsilyl ethers were 21 g. from Fraction 
A, 6.5 g. from Fraction B and 1.0 g. from Fraction C. 

5 Example 4. 5 

This example illustrates the equilibration of polyphenylene ether with a wide 
variety of different phenols under a standard set of conditions which illustrate the 
difference in the activity of the various phenols as shown by the amount of recovered 
polyphenylene ether. Those phenols which are the most reactive show the least recovery 

10 of polyphenylene ether under the conditions used. For those phenols showing the 10 
least reactivity, longer reaction times generally will cause further equilibration. The 
procedure used was to make a solution of 0.5 g. of poly-(2,6-dimeThyl-l,4-phenylene 
ether) intrinsic viscosity 0.34, and 0.0042 mole of the phenol. The phenoxy radical 
initiator was generated either with 15.0 mg. of 3 J 3%5^ , -tetramethyl-4,4'-dipheno- 

15 quinone or 50 mg. of benzoyl peroxide in 25 ml of benzene. AH solutions were heated 15 
2 hours at reflux and then allowed to cool to 25° G The polymer was precipitated 
by adding dropwise 250 ml. of methanol, filtering the solution and washing the pre- 
cipitated polymer with methanol, after which it was dried at 50° C. at 10 mm. pressure 
for 24 hours and weighed. The amount of recovered polymer is shown in Table Y» 
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Table V 

Yield of Recovered Polymer as Percent of 
Initial Weight Used 



Phenol Used 

Phenol 

(?-Bromophenol 

w-Bromophenol 

^-Bromophenol 

/>-Iodophenol 

/>-Chlorophenol 

2,6-Dichlorophenol 

Pentachlorophenol 

o-Cresol 

w-Cresol 

p-Cresol 

2,6-Xylenol 

Mesitol 

jp-Methoxyphenol 
/>-Phenoxyphenol 
Hydroquinone monobenzoate 
Resorcinol 

4,4 '-Isopropylidenebiphenol 

3,3 ',5,5 '-Tetxamethyl-4,4 '-biphenol 

2,6-Diphenylphenol 

p-Naphthol 

p-Phenylphenol 



Acryloxy Radical Generator 



Benzoyl 3,3 ',3,3 ',-tetramethyI- 

Peroxide 4,4 '-diphenoquinone 

6 38 

31 48 

28 — 

11 24 

16 35 

5 57 

64 77 

— 86 

3 4 
5 17 

4 — 
4 6 



47 — 

46 — 

4 — 

— 13 

— 33 

— 4 

— 60 
64 — 

— 64 

— 53 
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The filtrate of each of the above reaction mixtures after removing the pre- 
cipitated polymer, was treated with bis(trimethylsilyl)acetamide to prepare the silyl 
ethers of the oligomers and analyzed by gas chromatography on a 2-foot silicone 
column with a program from 100° to 300° C. at 10°/minute. The amount of the 

5 corresponding dimers and trimers found in these reactions were in the same general 5 

proportion as the dimers and trimers of the preceding examples. ... 

In a similar manner 0.5 g. of poly-(2,6-diphenyl-l,4-pKenylene ether), intrinsic 
viscosity 0.32, was reacted with 0.5 g. of 2,6-diphenylphenol, in dichlorobenzene 
solution, in one case, and with 0.37 g. of 2-phenyl-6-memylphenol in chlorobenzene 

10 solution in another case. In both cases, 3,3 , ,5,5'-tetraphenyldiphenoquinone was used 10 
to produce the aryloxy radicals. The yield of recovered polymer was 14 and 60% 
respectively. The dimers, trimers and tetramers were identified after silylarion of 
the filtrate by gas chromatography. 

Example 5. 

15 This example illustrates the use of the equilibration reaction to reduce the intrinsic 15 

viscosity of a poly-(l,4-phenylene ether). A 10% solution in toluene was made from 
20 pound of poly - (2,6 - dimethyl - 1,4 - phenylene ether), intrinsic viscosity 0.25. 
The solution was heated to 80° C and 0.4 pound of 2,6-xylenol, 0.4 pound of 3,3 ',5,5'- 
tetramethyldiphenoquinone and sufficient acetic acid was added to make the solution 

20 2 volume percent acetic acid. The solution was heated for 30 minutes at 83° C. 20 
After cooling the reaction mixture, 25 gallons of methanol was added to precipitate 
the polymer. After washing the filtered polymer with methanol and- drying at 125° C, 
there was obtained 17.5 pounds of poly<2,6-dimethyl-l,4-phenyiene ether) having an 
intrinsic viscosity of 0.17. 

25 Example 6. ^5 

A solution of 0.5 g. of poly^2-meihyl-6-phenyl-l,4-phenylene ether) mtrinsic 
viscosity 0.2, 0.5 g. of 2-methyl-6-phenylphenol and 0.015 g. of 3,3^5,5'-terramethyl- 
diphenoquinone in 25 ml. of benzene was refluxed for 2 hours. After cooling, the 
solution was added dropwise with stirring to 200 ml. of methanol. The precipitated 

30 poly-(2~methyl-6-phenyl-l,4-phenylene ether) was filtered, washed with methanol and 30 
dried at 45° C. under 15 mm.Hg. pressure. The yield was 0.09 g. of polymer having 
an mtrinsic viscosity of 0.1. After silylation of the filtrate as in Example 1, the silyl 
ethers of the dimer, trimer and tetramer were identified by gas chromatography. 

Example 7. 

35 This example illustrates use of a peroxide to generate the aryloxy radical as 35 

well as the production of oligomers which would be extremely difficult, if not impose 
sible, to produce by other synthetic routes. This example also illustrates the use of 
a phenol different from the phenolic unit in the polyphenylene ethers. A solution 
of 100 g. of poly-(2,6-dimethyl-l,4-phenylene ether) having intrinsic viscosity of 0.34 

40 dl./g. as determined in chloroform at 25° C, 144 g. of ^bromophenol and 10 g. 40 
of benzoyl peroxide in 2 1. of benzene was heated to reflux for 2 hours. At the end of 
this time, 223 g. of bis(tximemyb%l)acetamide (90% pure) was added and heating 
continued at reflux for an additional 1 hour. At the end of this time, the reaction 
mixture was cooled, concentrated and distilled as described in Example 1. After 

45 distilling the trimethylsilyl ether of />-bromophenol, two fractions were collected as 45 
shown in Table IV. 
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Table IV 



Fraction 



B.P., °C. 
0.03 mm. Hg. 



Wt.g. 



Formula of Product 



120 c 



37 



Br 




A 1 



-5f (CH 3 ) 3 



B 



150° 



17 



CH 3 

5 



Analysis of Fraction B showed the following results with the theoretical 
values given in parentheses. 



C 
H 
Br 



61.9 (62.0) 
5.9 (6.0) 
16.6 (16.5) 



Mol. wt. 475 (485) 

The proton magnetic resonance spectra (PAIR) of these two fractions were deter- 
mined on deutrochloroform solutions at 60 megacycles using tetramethylsilane as internal 
standard. The peak location is reported in- cycles per second (c.p.s.) and is the amount of 
shift from the internal standard. Relative values (R.V.) are the ratios obtained by 
dividing the total area under each peak by the total area corresponding to a single 
proton. 
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c.p.s. 



R.V. 



Interpretation 
(m.e. = magnetically equivalent) 



Fraction A 



15 



129.5 



398 

402 
411 

436 
444.5 



14 

125.5 

128 

382 

403 

408 
417.5 
440 
444 



Fraction B 
9 

6 

6 

2 
2 



9 m.e. methylsilyl protons (1 m.e. 
trimethylsilyl group) 

6 m.e. aliphatic protons (2 m,e. 
CH 3 — on aromatic Ting) 

2 m.e. aryl protons 

2 pairs of m.e. aryl protons on the 
bromophenyl ring interacting to 
form A 2 B 2 pattern 



9 m,e. methylsilyl protons (1 m.e. 
trimethylsilyl group) 

6 m.e. aliphatic protons (2 m.e. 
CH 3 — on an aromatic ring) 

6 m.e. aliphatic protons (2 m.e. 
CH 3 — on an aromatic ring) 

2 m.e. aryl protons 

2 m.e. aryl protons 

2 pairs m.e. aryl protons on the 
bromophenyl ring interacting to 
form an A 2 B 2 pattern ■ 



After hydrolysis of the silyl ethers of the above 2 fractions, as described in 
Example 1, the free phenolic oligomers, (I) 4-(4-bromophenoxy)-2,6-chmethylphenol 
and, (II) 4 - [4 - (4 - bromophenoxy) - 2,6 - dimethylphenoxy] - 2,6 - 2,6 - dimethyl- 
5 phenol, were obtained as crystalline products. The product from Fraction A had a 5 

melting point of 62.5 — 63.5° C. and that from Fraction B had a melting point of 
100—102° C. 

Elemental analyses of PAIR spectra showed that these two compounds, I from 
hydrolysis of Fraction A and II from hydrolysis of Fraction B, have the structural 
10 formulae: 10 
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Analyses Found (theor.) 

I II 
C 57.4 (58.0) 63.7 (63.8) 

H 4.5 (4.5) 5.1 (5.1) 

Br 27.2 (26.4) 18.5 (19.3) 

Mol. Wt. 285 (293) 392 (413) 



PMR spectra obtained on solutions in deutrodimethylsulf oxide [(CD 3 ) 2 SO], 
methylsilane, internal standard. 



tetra- 



c.p.s. 



R.V. 



Interpretation 



132 



270 

399 

402 
411 
436 
445 



122 

125 

200 

380 

410 

414 
425 
448 
457 



Compound I 



1 

2 



Compound 2 



1 

2 
2 



6 m.e. aliphatic protons 
(2 m.e. CH 3 — on an aromatic 
ring) 

1 hydroxylic proton 

2 m.e. aryl protons — phenol ring 

2 pairs of m.e. aryl protons on bromo- 
phenyl ring interacting to produce 
an A 2 B 2 pattern 



6 m.e. aliphatic protons 
(2 m.e. CH 3 — on an aromatic 
ring) 

6 m.e. aliphatic protons (2 m.e. 
CH 3 — on an aromatic ring) 

1 hydroxylic proton 

2 m.e> aryl protons 

2 rrue. aryl protons 

2 pairs of m.e. aryl protons on 
bromophenyl ring interacting to 
produce an A 2 B 2 pattern 



These two products are new chemical compounds which would be cHfficult, if 5 
not impossible, to produce by any other means, for example, by the Ullmann reaction. 
Although it would be possible to produce 4 - phenoxy - 2,6 - dimethylphenol by the 
Ullmann reaction from the methyl ether of 2,6-dimetyl-4-bromophenol and sodium 
phenate, the substitution of sodium />-bromophenate for sodium phenate would result 
in side reactions occurring because the sodium p-hromophenate would' react with 10 
itself. Attempts to brominate 4-phenoxy-2,6-dimethylphenol leads to bromination in 
both meta-positions of the phenyl ring having the methyl groups as well as the ortho- 
and para-positions of the phenoxy group in the 4-position. 



1,119,914 17 

The still pot residue from the distillation of the silyl ethers was shown by thin 
layer of chromatography to contain the silyl ethers of high oligomers, for example, 
the tetramers, pentamers, etc. However, their boiling points were so high that they 
could not be distilled without thermal decomposition. 

Example 8. 5 
This example illustrates the equilibration reaction wherein a dihydric phenol is 
used in the equilibration reaction. A mixture of 100 g. of 3 3%5,5 '-1Etramethyl-4,4'- 
biphenol, 15 g. of 3,3^5,5'-tetramethyl-4,4'-&phenoqumone and 2 1. of benzene was 
heated to 80° C. To this mixture was added 50 g. of poly^2,6-dunethyl-l 3 4-phLenylene 
ether) having intrinsic viscosity of 0.27 dl./g. measured in chloroform at 25° C. After 10 
heating for 16 hours at reflux, gas chromatographic analysis indicated the presence of 
30 g. of dimer. At this point 204 g. of bisttrimethylsilyl^acetamide, (90% pure) was 
added dropwisc. After 2 hours of heating at reflux, the mixture was concentrated 
and distilled at reduced pressure as described in Example 1. After distilling the silyl 
ether of the starting biphenol, there was obtained 40 g. of the bis(trimethylsilyl) ether 15 
of the dimer boiling at 190° C. at 0.01 ma/Hg. This product has the formula: 



(CH 3 ) 3 -5i- 0-/ V-/ V 0-\Y 0— 5i (CH 3 ) 




Hydrolysis of this fraction, as described in Example 1, yielded the free phenolic 
product as a crystalline solid having a melting point of 201.5 — 202.5° C. Infrared 
and PMR spectra as well as elemental analysis and gas chromatography confirmed that 20 
this product had the structural formula: 




This is a new chemical compound and is claimed in the above-identified application of 
D. M. White. Elemental analysis showed the following results with the theoretical 
values given in parentheses. 25 

C 79.3 (79.6) 

H 7.3 (7.2) 

Mol. Wt. 359 (362) 



The PMR spectrum of a solution in deutrodimethylsulfoxide, tetramethylsilane 
internal standard showed : 



30 
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c.p.s. R.V. Interpretation 
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(4 CH 3 — on the biphenyl 


132 


6 


6 m.e. aliphatic protons 

(0 f^T-T- nn the nhennl 

ring) 


376 


2 


2 m.e. aryl protons 


429 


2 


2 m.e. aryl protons 


435 


2 


2 m.e. aryl protons 


462 


1 


1 hydroxylic proton 


491 


1 


1 hydroxylic proton 



Example 9. 

This example also illustrates the equilibration of poly-(2,6-dimemyl-l,4-phenylene 
ether) with a dihydric phenol. A solution of 40 g. of 4,4Msopropylidenediphenol, 20 g. 

5 of poly^2,6-dimemyM,4-phenylene ether), intrinsic viscosity 0.11 and 0.6 g. of 5 

S^^J^'-tetramethyM^'-diphenoquinone in 600 ml. of benzene was heated for two 
hours at 80° C. At the end of this time, 64 g. of bis(trimethylsilyl)acetamide (90% 
pure) was added. Heating at 80 6 C. was continued for one hour. The mixture was 
concentrated and distilled under reduced pressure as described in Example 1. After 

10 collecting 48 g. of the bis(triraethylsilyl) ether of 4,4 / -isopropylidenediphenol, boiling 10 
point 130° C at 0.01 mm. Hg. pressure, there was obtained 22 g. of the bis(trimethyl- 
silyl) ether of the desired product boiling at 212° C. at 0.01 mm. Hg. pressure. 
Elemental analysis and the PAIR spectrum showed that this product had the structural 
formula: 

CH 3 



CH 3 - | " 

15 {C *^-°^^^ 15 



CH 3 
Analysis 

C 70.7 (70.7) 

H 8.2 (8.1) 

The PMR spectrum of a solution in carbon tetrachloride (tetr.amethylsilane 3 
20 internal standard) showed : .20 
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c.p.s. R.V. Interpretation 

14 18 18 aliphatic protons (6 CH 3 — 

on 2 silicons, atoms, Le. two 
trimetfaylsilyl groups) 

97 6 6 m.e. aliphatic protons (2 CH 3 - 

on an aromatic ring) 

129 6 6 m.e. aliphatic protons 

(2 CH 3 — on an aromatic 
ring) 

395 2 1 pair m.e. aryl protons 

392 "1 1 set of 2 pairs of m.e. aryl 

399 protons interacting to 

410 produce an A 2 B 2 pattern 

408 [ 8 

417 1 set of 2 pairs of m.e. 

420 aryl protons interacting 

426 to produce an A 2 B 2 pattern. 

429 J 



The trimethylsilyl groups were removed by dissolving 1 g. of the above bis(tri- 
methylsilyl) ether in 25 ml. of methanol and adding one drop of concentrated aqueous 
HQ. The solution was evaporated to dryness at ambient temperature under reduced 
pressure. The crystals so obtained were recrystallized from a benzene-hexane solution 
to obtain a product melting at 118 — 119° C. Elemental analysis and the PMR 
spectrum showed that this material had the structural formula : 



HO 




CH3 ~1h 3 



Analysis 



C 
H 

Mol wt. 



79.2(79.3) 
6.9(6.9) 
337 (348) 



The PMR spectrum of a solution in deuterochloroform 
(tetramethylsilane, internal standard) showed: 
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c.p.s. 



R.V. 



Interpretation 



97 



131 



280 

312 

397 

401* 

404 

406 

413 

421 

423 

430 

432 



10 



6 m.e. aliphatic protons 
(2 m.e. CH 3 — on aliphatic 
carbon) 

6 m.e. aliphatic protons 
(2 m.e. CH 3 — on aromatic 
ring) 

1 m.e. hydroxylic proton 

1 m.e. hydroxylic proton 

1 set of 2 pairs of mx. aryl 
protons interacting to produce 
an A 2 B 2 pattern 

1 set of 2 pairs of m.e. aryl 
protons interacting to 
produce an A 2 B 2 pattern 

1 pair of m.e. aryl protons 



* In view of PMR spectra of the bis(trimethylsilyl) ether 
this value is probably that of the 1 pair of m.e. aryl 
protons which do not interact to produce an A 2 B 2 
pattern. 

This is a new compound and is disclosed and claimed in the above-identified 
White application. 

The sriU pot residue from distillation of the silyl ether when analyzed by thin 
layer chromatography and gas chromatography shows the presence of the high oligomers,: 
e.g., the trimer and pentamer. However, their boiling points are so high that they 
can not be distilled without thermal decomposition. The mixture of these oligomers 
can be converted to a mixture of the corresponding free phenols by hydrolysis and 
the mixture used for making polymers such as polyesters, polycarbonates and poly- 
urethanes in the same manner as the isolated free dihydric phenol of this example. 

In addition to the above equilibration reactions, we have likewise carried out the 
equilibration reactions at room temperature, but such euuihT>ration reactions require a 
matter of days rather than hours used above. Likewise, we have also carried out the 
equilibration reactions wherein the phenoxy radicals were generated by irradiation of 
the solution of phenol and polymer with both ultraviolet light as well as visible light, 
at room temperature. Such equilibration reaction are likewise quite slow and require 
several days of continuous irradiation, in the presence of air as compared to the above 
examples, which can be carried out in a matter of hours. 

The oligomers produced by our process have a wide variety of uses. As illustrated 
above, they may be isolated as esters which are useful as piasticizers and as the 
free oligomers. As mentioned previously, they may be converted to polyesters, poly- 
carbonates, polyurethanes, etc. Furthermore, these oligomers may be added to the . 
polymerization reaction wherein phenols are oxidatively coupled to a high polymer 
to act as modifiers of the polymer so obtained. The polymers which are produced 
by our process have the usual properties of polymers and may be fabricated into films 
and molded objects. They may, likewise, be blended with the polyphenylene ethers 
produced by an oxidative coupling reaction to produce blends of the polymers to 
modify the molding and flow characteristics thereof. 

WHAT WE CLAIM IS: — 

1. The process of equilibrating poly-(l 3 4-phenylene ethers) which comprises react- 
ing (1) a poly-(l,4-phenylene ether) having the formula V.: ■ 
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where n is an integer and is at least 10, R is an alkyl radical containing 1 to 8 carbon 
atoms, free of an aliphatic tertiary ^-carbon atom 3 or phenyl and R' is the same as R 
and in addition, biphenylyl, terphenylyl or naphthyl and (2) a phenol having the formula 
(a),(b)or(c): 




and (c) 



R? R* 
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where m is 0 or 1, R 2 is hydrogen, an alkyl radical having 1 to 8 carbons free of an 
aliphatic tertiary <r-carbon atom, phenyl or halogen; R 3 is the same as R 2 and, in 
addition, hydroxyl; R 4 is an alkyl radical having 1 to 8 carbon atoms, an alkoxy radical 
having 1 to 8 carbon atoms, an acyl radical having 1 to 8 carbon atoms, hydrogen or 
phenyl, and in addition, R 4 is halogen when each R 2 on the same benzene ring as R 4 
is hydrogen or halogen, and R 5 is hydrogen, methyl, ethyl or phenyl, said reaction 
being initiated by a free phenoxy radical derived from the polyphenylene ether of (1), 
and/or a free phenoxy radical derived from the phenol of (2), said reaction being 
carried out at a temperature in the range from room temperature up to the reflux 
temperature of the reaction mixture. 

2. The process of Claim 1 wherein after the initial reaction between the said 
phenol and said poly-(l,4 phenylene ether), any residual polymer is separated from 
the reaction mixture, the remaining odigomeric products- are reacted with a monofunc- 
tional silylating agent, an acyl halide or an acyl anhydride, and thereafter the obtained, 
derivatives of the oligomers are separated from the reaction rnixture. 

3. The process of Claim 2 wherein the oligomeric products are reacted with a 
monofunctional silylating agent to form the corresponding sOyl ethers, and the 
obtained ether derivatives are hydrolyzed to regenerate the oligomeric products. 

4. The process of any one of Claims 1 to 3, wherein the value of n in the formula 
of the starting polyphenylene ether is 10 — 100. 

5. The process of any one of the preceding daims, wherein the aryloxy radical 
is generated by a stable free radical, benzoyl peroxide, r-butyl perbenzoate or a 
3,3 ',5,5 '-tetrasubstituted diphenoquinone wherein the substituents are alkyl radicals 
having 1 to 8 carbon atoms free of an aliphatic, tertiary to-carbon atom, or aryl radicals 
containing 6 to 18 carbon atoms,. 

6. The process of Claim ■ 'wherein the poly-(lj4»phenylene ether) is poly-(2,6- 
dimethyl-l,4-phenylene ether). 

7. The process of Claim 5 wherein the poly-(l,4-phenylene ether) is poly-(2,6- 
dimetfiyl-l,4-phenylene ether) and the phenol is 2,6-xyienol. 

8. Chemical compounds of the general formula 
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CH3 



where Z is 





9. The compound of the formula 



CH3 



.CH 3 



10. The compound of the formula 



11. The compound of the formula 

CH 5 CH 3 



CH* 




10 



12. A process for equilibrating poly-(l,4-phenylene ethers) substantially as herein- 
before described in any one of the foregoing Examples. 
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13. Poly-(l,4-phenylene ethers) equilibrated by the process claimed in any one of 
Claims 1 to 7 and 12. 

TREGEAR, THIEMANN & BLEACH, 
Chartered Patent Agents, 
Melbourne House, Aldwych, London, W.C.2. 
Agents for the Applicants. 
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